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ABSTRACT

Experimental infection of rhesus monkeys (Macaca mulatta) with

Machupo virus produced a hemorrhagic disease similar to that of

Bolivian hemorrhagic fever (BIIF) in humans. The disease in infected

animals was also characterized by the development of hypotension

and disseminated intravascular coagulation (DIC). The laboratory

findings of severe thrombocytoponia, prolongation of the activated

partial thromboplastin time (APTT), and increased concentrations of

serum fibrin split products in six of the eight infected monkeys were

used to make a diagnosis of DIC. The prolongation of the APTT

was indicative of an abnormality in the intrinsic blood coagulatiou

system, and was interpreted as indirect evidence of liageman

factor activation, which wa- the prime mediator of the DIC and

hypotension o0hsarved.

4I
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Disseminated intravascular coagulation (DIC) is a clinical disorder

which has been diagnosed in a wide variety of diseases, including

those caused by bacterial and viral infections [1-5]. Clinically,

DIC is expressed as a hemorrhagic diathesis resulting from the depletion

of critical blood coagulation factors [3-5]. other adverse effects

of 1)lC can result from the obstruction of the microcirculation by

the deposition of thrombi [6,7]. This can %cause localized ischesiia

and necrosis, or a generalized circulatory collapse [2,6,71. The

most common clinical characteristics of DIC in humans are prolongation

of the prothroishin time (PT), throisbocytopenia, and hypofibr~nogenemia

[4,5]. The diagnosis is usually made on the basis of these three

abnormal ities, or, in the event of inconclusive results, with the

aid of additional tests such as activated partial thromboplastin

timta (AVITT) stid acruii' fibrin viplit product- (PSI') [4,5].

Vhore are se!verat reponrts of this diaorde. , in both wr~n anid

anivials, rutiulting. from bacterial infections 11,4,8]. The rvlationsiiip

of viral inftsciior.i to D!C, however, Is not aL clearly undvirstood.

It has bau sgese that DIC may ho involved in the pathogenernift of

viral homorrhagic fovortt tsuch an Blolivian hemori hagic fever (111F) , a

V ~dineaee caused by kiachinio virus, a sioawter of the aretnavirid:,' group

of virsooti 13[). 1This dinvano Is eharacturi;:vd clinically by high

Love~r, nevere hoodachu, voyalgia, vuanneous hyporontheflia, anioroxin,

vowi t Lag, diirrioa , epi uin1 r i- paina, aiid bleud lug eundune lt- 19-12)

Non r thi end of the fobr 41u phaue, hypiitension beosieiiw ellnialIa ly

a111olbc'ile and o ft en leiidhi to Ouchr and dvi l eith ¶1[. Durilag the

devel opmenta oif hiypot en i on. * hniy t cape iii tre et,1ision l1y d,'C1*r.i1tLs to

near anorual Va i ieti or sil guit y I, 1 us i
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Clinical laboratory determinations in reported cases are limited;

however, it is known that the illness is characterized by leukopenia,

thrombocytopenia, proteinuria, and increased packed cell volume

during the febrile phasc [9-12]. Both CF and serum-neutralizing

antibodies to the virus can be detected from 25 to 30 days after illness

[9]. Consistent histopathologic lesions -in fatal human disease include

hepatic necrosis, interstitial pneumsonia, and congestion and hemorrhage

io various tissues [13].

Although many of the clinical and pathologic lesions of BllP in

humans indicate the presence of DIC, its pathogenic mechanism is not

clearly understood. Thie rhesus monkey (Micaca mulatta) has been

used as a model for experimental llachupo virus infection to study

both clinical signs and pathologic lesions in Bill (14-16]. Many of the4

findings in monkeys closely resemble those that have been reported in

hum.itas severe]y ill witih the dsee. It Was the purpoM.- Of this

study to determine the role of intravatscular coafgulation in the

pathtogenesis of 1311F in % mulpatt experiment~ally infected with1

Machuop virut.,

Mateorials a nd'MtOoL

Fighteen bice].thy, youngý, adoult M. mulatu wove~' used.

Monkeys were chotsen without regard ao asc- and ranged in weight. from

2.5 - 5.0 hgt. Theoy were rondottly divided Into twol groupls. gr-Oup

consisted of a in vi run-infected and three non infected mtonkeys; which

were toted for aror ieial bloo d lrsn cciur and hevart ra to maucw

Ur1oup 2 Was comoseloifd of 01-.1Lt vi ron-Infected And fournoni ecie

mlonheysl wh i ci were usied a1 blo od enCoal naio inn sud ion. C(hOop I
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noninfected controls were reused in group 2.

Animals used in the( blood coagulation studies were houscd in

galvanized steel cages within a biological containment facility,

previously described [17]. All of thc monkeys were provided water and

standard monkey chow ad libitum.

Sterile intravenous and intraarterial catheters were surgically

implanted in the monkeys under Fluothane (Aysrst Laboratories, New

York, N.Y.) anesthosla by the method of Wakeloy et al. [18] with the

following modifications. Arterial blood pressure and heart rat( were

determinud using- a 19-g-auge firm polyethylene catheter placed inl the

left carotid artery and directed into the dorsal aorta. A flexible

18-gauge Silastic catheter (Dow Corning Corp., Midland, Mic~h.) was

placed in the left ozternal Jugular veIn and] directud into the

inferior voosl Cava for the purpose of obta~ining vunous blood samples.

ImmeiCIately following" vurgvry, ansh' i!ttonbey-i were placed in

primate roi~train~itg chaira in the biological containnenta facility,

Potency Of tho cat-heters was maiutainvd by flushiot; with heparliised

0.9%i saline.

Rectal tetrpt-raturoa wroe measured at the name timL onch d~ty.

A cosmmiercally availaublu Illleilccil t hIt (SIMIh, KlilW~atstc~

Sunnyvale, Cal.) wall onad to teat for occult blood io the: fecee oft each

monkeoy 00cc. daily.

AllI virus- inCor ted monkeyu diled and were nver ops lvd. Tfilnenen were,

64 fixeud in 1 OZ non tara phosphnte o bu I eyd in rma ill , l-lAlhdded In pa f finl,

voctet onod , and tawined Wit hvUtlI osy lit; aid oosit a Ior ex"111,111nation by

li ght 1 c rouc~opy rw .jt j

I Artvria Ili or



.6F rate were recorded in chair-restrained monkeys by the method of

Forsyth et al. [19). The carotid artery catheters were connected to

P23 Statham strain gauge pressure transducers (Could, Inc., Cleveland,

Ohio) with leads attached to a Model 200 Brush recorder (Gould, Inc.).

Recordings were made at the same time each day from each monkey for

approximately 5 min. Heart rate (beats/win), diastolic and systolic

pressures (mnm 11g) were obtained directly from the recordings. Pulse

pressure was calculated by subtracting diastolic from systolic pressure.

mean Pressure Omit lg) was calculated as one-third of the pulse pressure

plus diastolic presue Recordings were made on five con.secutive

days to establish base-line values.

ltnmtnls.I dee'nnations. A venous blood sa mple was obtained

from each ;iwnkoy on three alternate days during a five-day

pme-experimentall period to determine haso..line valuesi for each

variable studied. Immedilately after the final base-ln Sus'le wan

obtained. the monkeys were inoculated se with either 0.5 ml of 0.9%

saline or 0.5 oil of a sugpension of the Carvallo strain of Ilaclnpo

virus ap~propriatrly diluted to contain 1, X 13 pfu of virus.

Pout tiouore niou blued stumpeas wero also obtained on alt trn;ite

days dulring the wet-k; nto samples were obtaiaad on woeekends, Bluod

samples were obtained for a period of three to four weeks, inicluding

the preo-xpori mentLnbI -ln period. Veanues Wood wasl decanted into

steril nPlank t tubaso con n n uig either CWl 'N, sodtaim cit rat a, or no0

add It Ive. B3lood epoch n.tie, oolltalon In iod tom cit tat (onevolm V10 .83%

Hodolam Oltrate to 11111v votltm,) oft Whole blooed) vote ttsed for 1SI',

fibr Iugen , PT, antd APIf l'r to~tQIT11,11 i~n?' Thtt 'Ils ee n3Ot Xt5') Were

ceV t t aJtt 2, 500 tpm for Vt win, aft tr Wh 3)1) thit nhun'tna L'IIIt



plasma was pipetted into separate plastic tubes. For PSP and

fibrinogen asnays, 0.5 mtl. of plasma was added to 0.5 ml of a clotting

solution (p1)1 7.3) containing 25 Wm1 CaCi 2 308 mM Ni~,10m

c-aminocaproic acid, and 25 mM Tris (P'arke, Davis and Co., Detroit,

Mich. ). The plasma and clotting solution mixture was incubatcd at

22 C for 60 min, with gentle digital shanking every 10 - 15 main to aid

in clot retraction. After incubation, Ole clot was compressed against

the side of the tube with a small laboratory spatula. The clotted

sample wns then centrifuged at 4,500 rpm for 20 main. The suparnat~ant

marum wns pipetted into a "eparate plastic tube and stored at -70 C

until assayed fc~r FSP. The clot rtamaining in the tube was stored at

-70 C untl. assaiyed for fibrliiogen concentration, which was by anl

automitod Lowty technique [211 using an Auto Analyzer 1 1g lsystem

(Tucinieon Ins~trumont Corp. , fmirytown, N .Y'.).

Sciom I'S! woerwo m!Fciirev by Lnarve Il ne iliod uT ii o ic,~i

120] wiit, thle foll owin, ~: rio At1 es. The f ibr inotgei- rein teed

an -snanadard a wvre d tll Ins of Pooled rhesusi teokehy pla nwts

ctaing5S%5 We lrno.nil Coctiarciially avM114I11le rabbIt

alit Isolrilut nfiisý rilesus f 01inor liog (Ci"ppel1 Lbr o s lilt-,

iigtVlVoWn , Pa .) was ii'eorltoratoLu inton the agair grSivln il
1  

Daii egn .iciNi sP i s .J t~Sdi

1'detci silnig 'T anid Auteicalv ii Y AIit (Coeneral Diulngoft icc) for dcl ermiItinlg

APTff, asl rl'~t-cilliondd Iy tilt, Mann f(clie re l. Clot! foi eli tSon leine Owedicu

(1,0COiid a) inutossi lice .1y bly tilt: 0140 of it f ibol01Vie te (11al t -

Bllood llal~p iii ml ti\V with ICD'r, (01.02 imi ki'VA U.i 1 .0 aii :1111 ' b Wood)

Wote iiiied illsuedtaLa o.Iy to di.1 riiaIno tiirutiib'ocyv Ieiouii I aand pact i'd ven i

voluitts'a, liiroiul~l f Iciie Work, ecill ted Iin a liil'ytn orafterc p liparl iIoan
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by the ilnopett~e method (Biecton, Dickinson and Co., Rutherford, N.J.).

racked red blood cell volumes were determined as described previously

[15]

Serumn was used for sorbitol deicydrogenas~e (StIlt), albunmin,

electrolytes (Na+, K+), viremini, and neutralizing antibody

determinations. Serums to be assayed for SDII or albumin was heold at

4 C until testing, which was within I hr after sample collect ion. Serum

samples for the othecr variables, mlentioned were stored at -70 C until

used.

SerumI SDII Was m~eas;ured spectropholomectrically by the miethod of

Wteisner ci al . 122] using at commercially available k-it (Sigrns Chiemical

Corp. , St. Lou ta, NMo.). Albumin was also mkeasuz iepetip'toetcll

usingý at commor' lal k-It (Ameticlea Noul 1tor Cor'p., lnitiaipol is, lad.).

Electrolyte anallyses werv done by flairv photometry (Meodol 011.3,

Ins inettat-I n aho ratory , E laLec a.

MOBilusam.nayu were pfeidby th.e threet (eccucerat ion of Vtin,:11

plaiuou onl Vero evlli (a con LInuous 11ok.c of African g~roen caolitl.

Itiduc:. cellpe) . Amsaysi for' nlun I.tatislug taL iit-d y were Ic ised Oil th-e

A llighcs (I citiont or gwe rum lif~ Wh tld 1t1 d gIll oi not. 0( Like Nat nupo

virlus ptctui ticc cwlee. 'fim: viI-Onn V* II Ii uc WLt, , $ilt!ihti a t~igatb

dIett.-lnItltillia halve aill bacti doacribvid pieviunul y I

S ticti!rt l
1

c t1 mvilV'n 15. toxp cuea 'itici Wore tcoimare.d by Unot Of

14 it, nI t n

4 cat i (-'- %,I caei choicc' Iy tit'cbIcc ic, Iiki pt'Sjc Idcii lloly



infected rhesus monkeys previously describlle by Kastelle et al. (15]

and included: lettargy, decreased appetite (to complete -anorexia),I

dehydration, epi.;taxis, skin petechiae, and bileeding gums'. Occul t

fecal blood was an infrequent findinp. Although the illness wasI

invi- cebily fatal in infected monkeys, I~t was more acute in the cliaji-

restrained than cage-confined animals, wi th death occ-u~ring at an .
average of 13 days postinoculation Iin t0e former and 21 days in the(

latter.

!',ctal tempuratures bet-an to incrvac Iin the etccir-re'itrafinc'dI

infect-cd monkeys onl clay 3 psin uate (fjc 1110 'te ean level.

of fever exceeded 39,5 C. 'fevperatturcs begxi to decrvase after dliy

7,otd ivere less Oi,ýn 36 C in all infectk-d mconekys fo'r 12 - 21t hr

before death.i

Ihvs Me f i rcer.Ioa arterial blved presnure uma.

mli i;; n il~ ~--~~'-d nai fc cd chat r-rost'raint-don~s u

'lay 6pout llv unel"It 10n (riguret 5). 9ctbcc'ciuct to dlay 6, Inecca 11ood

p reit 1 Ro Inc vceased prad Ual ly 1it the non k I 1 0- t vd con I, vo enm t ill dc y '1

whnitt')L.- !arly proinorui alienlevl ivC wier' algilio B~' e y coti vra'I

ienv co' eya e~toee:d at der.,l -; a-In wvanm Il' od pirs sn rve hap Inet ln.

- V ~~~Onl day fipu g 1ti6 'lil a deei la!" in bi ocM prv:'.sire toi n -- dý

trcnpij-ldy wfith ,erxcecn In infeCtLed mmeslce>'a. en blood prs'eaiurv Q('

lafectced IOIL('kyc- was -A Ll( itCc;ul I1 deercalseil (1 .05) onl daly-

7 end1 9 -14 wheni avolpared to no ( ,IOi cnt ri 1 c Ilikwoer~~, t i-iticaI

b yplot'-n i on (to ItV c'as th1 55 to 60) tM Illg) Vasl nat Iti,'.mil tiny tit> of

ilkfN.ý I I'd inIultyll tialt ii t le I lasI two 01r ti-v' d1aVA Of I;I Vltte b Ii" iMi

dual It. I'yiiel- wa1nl 1.ynoa Ificliat varla. I'le ilIn heart rIiL i hvivviliii

Llii iinfuct-ed a11 nonillkl ,'-4e1 JiIMiy in I thel terInal. n:.Ap',' (If OIL'
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illness when hieart rate dlecreased dramiatically in infected monikeys

which were in a moribund cond It ion.

jlýLcmalu gi)Ec determ111)int Ions. Thrombocyl openia occurred :n each of

the cage-confined infected monkeys. Mean lthrombocyte counts of tile

infecred group were significantly lower (1P < 0.05) than those of tile

nnllillfec teat group -on (layn; 5 -- 21 po . ýnocul;ationi (figure 2).

There war- no ;ignilficant variation in the mean PT in the infected

monkeys whien comspared tO 11on 1In ftotd con trein during the study, In

cont~rast, proloeng-ation of tile APfl' in ioferted muorkeys wi05 tlrainiat~ic

(figure 2). Onact Of prole~n~vx A1P'T*l coincided wiith dvfvrv(escenc,. at

dlay 7 post, iovuitt ion. Thec AVTT wit', significaintly inlercasned (V <(1.05)

ill infieCted monkey s whecn coslrjarvd to the ttouliiec ted Controls onl

days 7 21 (figure 2).

St 'cLi IS" wereo ittvett-d Iln six ttf th~e vijfht in! t-HV cd o1,clity frol!.

dayr. I' to 21 pol:L tt - !a. lt !ol011 ttli~ru 2). 'fill- Iwltt-t weff1

conconrt. Itit lol f FSP in the intltt'c groupI, 10.6 Iitg/mI svruttl

occklicC it oil dtviy Ito pwi onoeulat ftoIt. Tiltl 1 hvwel r s it! Silt FSP inl

itit-tvtdd mon;;eýX wLre sivl (p0! (atl y d Iffeovltz (P C 0.05t) onl days

14 null 11, whett comjtiareo to non i~tirfcd cotvntivtl..

Moan tie 1111 SMI l 1 v,0; 4ort0 ci vva te in in cc zot IssI e t at ly

'Iall day 4 liont Novu1-.lon01, nnd WOre 0'n ig~v lnt I'. gll(eat-1, (P 0 .05)

thal1l thote of 11011in fectvi ! tiootI ý' t0il l J.01yt 7 -21 (f I itt 'c3) . IThe

Isiglteiltl ttetttt serum voll. vnitrat It'l Int 010 ln(Vect~ 1I prtljtl , 1,1911 31Igict

WbrutaIltmII ~~-tl al011w t ~ IIIa i oet P (.(S

tIllIt~t I 1-t,l Wartlt'V pbrietl on dtaytt'' II Itonti )cuc 'teicll% ot ~t I;Vt



infected monkeys decreasedi almost 50% from prelnoculation levels by

day 7 post inocu lat ion, and remained depressed throughout tile Illness.

Changes in serum albumin concentration coincided with increased serum

Soil levels in the infected monkeys (figure 3).

Mean plasma fibrinogen coeentration increased in the infected

monkeys beginning onl day 7 post inoculat Ion (table 1), and remained

elevated in five throughout the illness. Ihe levels were decreased in

the remaining three monkeys from days 19 - 21.

Mean packed cell volumes decreased progressively in infected

monikeys from day 3 post inocul at !io tllrougihout thle Illness. Pac ker]

cell volumes ecvre decreased by 40 - 4t5% of the preinoculation values

- , In In~fected menkeys during the i llness. Tfiere''v to no signi ficant

Lilaa~wcl ill the serum electrolyte (Na' , e ) concentrrattons in tihe

In feected doonrvl ii rlg tit study.

Vi ralj- a ati an et esrs'' The gr0mlt'kritz rican vi rus

titervs fin tirn oif Infeicted iroaheys we-re similar to those pt'r'iolsliy

duact theti for rlwtiun nitit'~yi b'y KastJlttt 1 i, Va. 1ii]. Four tit six

chitIr-roils IraimedI lsliniyn hr etate vi twea -by daly 5 tiooftin

and wtill of titcm were vi rt-tdt by Lily 7. 11n conk CII'!, four of

elgu a g;L-ronftcod ontkoul *t Ol 0k; Vi rvtit by tilt'y P5kItrt1 It'in,

nod t11 .i wt'rvI, by day W0. V trematt rcasult no at hi it lv~v'l Oi tr-ulihow

tite illl0v11) in) a! in fa ted monhia'n, itall 'ho mnjol y > d eve illed no

dl'tLlt)tuIoroll Iti Lw al l it'i otlIitty to Marhp It~ ittt itt pior to

dvll lIt. Lotw 1 eve Iun alliitd y LItt' rtt of Ii f16 wore dllt eC tedl in twit 1Y two'

-oliv 'ip da i'a Ioi ilCotili paLtoll.t Iet ttt bs. oa

titt neftt'tIrepay of inett r td lvioh yttt'tIIL' ile i 'a it' >'t' ii yi Ilo II 0' Ct, Il~i it
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petuchitie, and gingival hemorrhages. The most coimmon microscopic

lesions observed were hepatic necrosis and necrotic enterocolitis.

Less frequent microscopic lesions included esophagici s, pharyngit is,

cystitis, adenir is, pulmonary and myocardial hemorrhtages and nonspeci fic

degenerative changpes in vascular~ endothelial cells. Fibrin thtrombus

deposition was aetected in only one infected animal, lin thet- renal

glomerular capillaries.

Disecusrsion

The experimental infict ion of Mi. mulatta With ilachupo virus

produced a hemorrhagic disease similar to that of P.1W in humans.,

although the mortality rate was higheri thtan that normally occurring

in man (9], The disease in monkeys was alsu Characterized by DIC

and hypotension.

XahjIC~t1 . vi ru:1 in feet ea in hat' tnneanItilcaunted

hyp(Aut n on siull er ~o Vthal which hant been reported in humans

* Witit thev diseast- 19). Dummriaes in mean blood prvt,-nuro cort elated

with hypot~heutta, nits hAdI hen seen it, man 19], iiuoL tinsWist detvo-loped

Itradkiu ly and i'cnl' rtta ees ttetria tp of thu

Iint.in tleah an inn I

Thto appeonui ~co of noise ci fit trgfit gneaive Oviietgt' in yealcul at

Ondot helil um tlrilug Otin actite phanai tf tn. divus se it! Coneinten~t wit i)

prow ioutn oie yi naf olte is I 161 lhly OL Illt. 114 I rvisr t et

W itietiptettd valce lit in .inlag. the tat i'in, on~a1i sphatn, of Hasinpa'l

viruit itifit-tion tin a1 uk~i. Tho nonikil 111 r chaungeu ntoun lit lie

ticute c I.I.nt. art, pii ,taii y till-fat uite of 1inv va~tacu i litt rvpi'v id In

0h0 ouea phtl lit it' pliant , anl Lbith inj ury von ttl itait laduneed 1l.t1git03i1



*13

factor (factor XII) activation. It has been suggested that viral

infections can initiate DIC through the intrinsic blood coagulation

pathway by endothelial injury which induces tiageman factor activation

[4,6]. Thie pathogenesis of the hypotension that occurred in infected M4.

meptta may also lave been due to tiageman factor activation. Once

activated, tiageman factor catalyzes the in viva conversion of the

inactive plasma enzyme kallikreiniogen inot its active form, kallikrein

[24]. Knllikrein then cleaves plasma kiininogen, producing the potent

vasodil~atar, bradykinin, which, in turn, causes hypotension [4,24].

The finding of thrombacytopenia, prolonged APITT, and elevated

serum FP~i in six of the eight cage-conf'ined infected monkeys was; used

for a diagnosisý of DIC In these animals. Although the thromborytopenia

end prolonged APTI' were sign ricant in tL,u remaininr itwo onkeys, Lt(,

results of Lthe anpýays for serum FP~i wete Inronclus Lvt for a diagnosis

of DIC,

Thremibvcyt ýpcnla is the most constatient: clinical abnormali ty

found iin human i,-tleats with DlC, regard Itas! of Lth, unde~rlying

dimi~so pr'ecipitating Lthe- disorder [1,5]% Similarly, it Was obsorved

in all o ighft of the in fcem itidmnkeys. litthobe opnI, red

bleed1 colln m1ay be lout throuigh blood vostivi, walls and Subseijuk at I

on tot the 1 yllipht,1Ic 8yst em aond appoear finally o an I torb Li or

occhymotteu of tho skin 6]). Thisn wast Common1oly seen In thet forms

of skin potvoetat lit the in~ecrtod mounkey; lin thin at ady.

71he oxar t vtaue of t hrottboeyrtopeni hoin In feet ed imnt~ttkev wsal

not, dot er"itwd. It vnay havelbeen thte 1ont-tt (iof d~plet ini of

t hi-othtr p on hy I , aac tconiga at in,1 dove ntez'd tiro~ed ctIon of

t hrolttnr yt on diuo to viin I- Intdneed butte stirrow dioainat- both (6
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The severe prolongation of thc APT which occurred in all

eight of the infected monkeys, was indicative of a critical abnormaility

in the intrinsi~c coagulation pathway [6]. The APTT is especially

sensitive to deficiencies of clotting factors V and VIII through

XII; a deficiency of any one of these factors coulq result in

prolonged APTT 16].

The extrinsic coagulation pathway was also considered, but did

not seem to be involved in the pathogeniesis of the coagulopathy in

infected monkeys. prolongation of the PT, which is indicative of

an abnormality in the extrinsic coagulation pathway, was slight in

infected monkeys and at no time was it determined to be clinically

abnormal. Although the PT is less sensitive to clotting factor

deficiencies than APTT [43, we concluded that the extrinsic coagulation

system was not involved In tieo pathopenc- as of th, Loagulopsthy

in the infected monkeys.

Although there war, a critical deficiency inl thle intrinsic.

vyotem in the infccted monkeys,* as Indicated by the p ýUol angst ion

of the- APTT, the venc;tec oi serum UPS in uix of Ch~no subsilt nt ised

a diagnosis of tYIC. The rloeof excetzs. SPS into 1he circulatioll

as a result of eahaiiocd fibrinolysis ntiy exacurhalte the hemorrhagfic

t dinthousir abs.ociat~ud with DIC:i by inhibiting throusbocyte funlet it,.a

(ndlicsInn and apgregnt ion to subeadothe-l al connuctiVel tilsue) and

fibrin mionomewr polytm-rixat ion 161

Thei coneut art ion of 1 ibr inogon in p1 a aa of human pat lenti awithI

D)IC may rums in normal or becomo Alight ly elevated , due to anl

auu il, tm ,0t en t wtat tei.da :tion of fibrin and tn fe yn then i a

of f iIr inogent [4 ,51 . I. banz liven re-portod thaL tilt' releante (%I 151
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into the blood may signal the release of stored fibrinogen from the

liver 125].. These phenomena are consistent with the elevation in

plasma fibrinog.en concentration in the virus-infected monkeys which was

accompanied by the appearance of FSP in the blood.

Hepatocellular necrosis occurred in infected monkeys as early

as day 4 postinoculation and became increasingly severe as the

disease progressed, indicated by the progrqssive elevation in serum

SDII concentrations. The elevated serum SDH concentrations correlated

with hypoalbuminemia and prolongation of the APTT. This prolongation

may have been due to deficiencies of blood coagulation factors I or V,

which are synthesized by the liver, or II, IX, or X, all of which

require vitamin K for synthesis by the liver [4]. The hypoalbuminemin

was probably due to decrea.3ed liver synthesis because of severe

hepatocellular necroslis, and may have caused or exacerbated the systemic

arterial hypotue•ion in infectud monkeys by resultring In a decrease

in the colloid osmotic prks;sure of ilasma [26,27].

Pocked cell vohlunma in tLh cane-fconfuted lni'ected suon'.y' ma)'

be affecttud by such factors ats dehydration, red bluod cull sio., and the

melhod of asssay, A decreave li pacim d cell volu aes Is difficult to

OX pllimall n this stndy, as there wa11 little evidence of hVmol)0YIis il

acrum stample-si aid the bleedlntg tendenlcies. anlted Clinically were not

severe. Preciot mIea.I"WrCltýn la of the eataIc of hydration in tho anlimal :

were not done; however, the infected afismals dhi show cli nical en ign;s oh

dehydratlon nuch atn d Lct'eaued skin Onet i city and rtauken orb1 t5.

-Tecto fore, ducroat-ed packud •u on11 voltamen occurtred at a tine when we

expcted Us.' reverse to occ ...

.. ..V
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Tests for occult fecal blood were positive in only two infected

monkeys during the terminal stage of the Illness. Thus, it would

appear that, as in1 hulmans, gastrointestinal bleeding does not play

a significant role in the pathogenesis of the disease in monkeys.

More consistent signs of bleeding were epistaxis, skin petechiae, and

gingival hemorrhage.

Although the deposition of fibrin thrombi occurs during DlC, thc

severity of this finding is extremely variable [4,5]. It is mere

difficult to detect when DlC Is of relatively short duration or when

active fibrinolysis occurs, Dletection of fibrin thrombi is further

dependent oin Lthe fortuitous Sceletion of appropriate tissue sections.

Fibrin thrombus deposit~ion was detected by microscopic examination of

tiusues lit only one infected monkey in this study, but the presence, of

fibrin thrombi ill to ot~hor infected mtonkeys Is not preccluded.

In couch usion, hflC is asset hated s'I th hie pathojtveorsIs of OFI in N.

mua] t ti. 1,11C cooagl.a1t 10on ahoorttal ity appeared to be in tlbe intrinsic

Coaguiat full pilthway, and was1 Iiid Iated by the prolongtLion of Lthe APTT.

This prol ongatLion could have beaý due to Ot her deccronrcd hepa tic

Oyntheic-1t of clottingj rActort; tenelntial to the proper funet.1onling or thle

intrinsitc slystem or to act;Ivat Ion of hiagotinn factor, The octimreuc of

finrly atul progroes Ly olovat tono of scram SI)1 il aill of 1.110 in fc Ltd

moankoys wait used ail a monvuro of hopatoroll 2l atit- damage, which coauld have

Conpom.'to's tcdhe hepat Le flylatho ifia of C o~tt tg factorst told other planmia

proL tthin. The nytynvmW upwritn a I hypotons ilon Lthat oc canned in in fvcted

mallalhYn iutiy hlave been dul, to till- Comb ined v f fet tt of dci teased hopa Itc

styn theni ai of' at humil h00Ith a etonnomi1tan lt dots lase in 01 eCollhoi1d onset it

rotsturt. or II ;usma , and acti vatLion of tho 1.1al s yiLetit via act ivat et

hhagolunnt Inetlor,
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Figures

Figure 1. Mean rectal body temperature and arterial blood pressure >
in chair-restraincd rhesus monkeys, measured before and after the sc

inoculation of 1,000 pfu of Machupo virus Co - 6) or saline (controls,

a = 3) on day 0. The onset and duration of virciiia in virus-infcctcd

monkeys i.s indicated by the shaded ae.Numbers in parentheses

indicate the number of surviving infected monkey& tested that day.

Standard errors of tile mean are presented wnhere value,, are

significantly different freom those of controls (P < 0.05).

Figure 2. Moan thruithocyte. counts (top), activated partial

thromboplostin times (maiddle), and fibrin split products (hottem)

In cgcoitdrhe. us wonkeys, ms~isttred before and aftcor the sc

Inoculaltion of 1,000 pfu of Machupo virus (11 6) saline (conttol s,

nt 4) onl day 0. For f7.Urie, spyl t. proudctc, the nmbort; fitt

parentl0eVtsc lidiIcatc thcý nusbos Of Iitfeeta'.0 tson11eyS Will: pooltdIv Val os-F

oil that day. The ontetI tand durot luti of virc.iAn in vi rus-.itiftr ted

ttotakeyttst Is 1ud i sitotd by thu ttltad d area . Ssliaud art trorts of Lh to; seats

fire prose lto 01tr ilvio wI lut arv sign i.caotlIy 6~if fortent Ir't t huo of

cotttrolt. (P< 0.05).

Fif-tttn 3, Walli cotteottt at olls' of voi-it't i l do-hyd togI: at~o atnd

11uittttit int Itutt of eag~-o-flintf~td ritetut tll'I moo?5 * 505ttltlIid bv fol-e and

after the Ite iltoculat ionl of 1 000i pfu of Mtlntlttii Vittolt (tt ii) or

stal ne (cont.ot itt ) ott day 0. nihe onsefti dtt , dut t tl rf

vitrett littl fi Iota. tIt'hele d tiltokvytt It: Indvtot IeLi by Owsthadodl are;,

r n~~ignit [CAn1 .y dif fotilet flo inLttiti o coittttit 0ii.05).11
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